A specific plasmid-encoded, cell envelopeassociated serine proteinase is known to contribute to the proteolysis of caseins during cheese ripening. This enzyme, a PIXI-type proteinase, has been characterized in L. lacth ssp.
SKll cells [l] . asl-casein(fl-23) is the principal primary oligopeptide formed on cleavage of asl-casein*by chymosin and is a major source of amino acids during the early stages of cheese ripening. This oligopeptide must be further hydrolysed to smaller peptides of six residues or less to facilitate transport into lactococcal cells during cheese ripening [2] . In the present study, an attempt was made to purify a new endopeptidase, not previously reported, from the cell envelope fraction of L ,
SKll cells (1% culture) were grown in reconstituted 10% skim milk (15 L) containing Bglycerophosphate (2.5 M. 30 ml/L) and harvested after 18 h at 21°C. Trisodium citrate (25%, 60 ml/L) was added and the pH adjusted to 7.0 using 10 M NaOH. SKll cells were harvested by centrifugation at 5000 g for 20 min at 4°C. Cell pellets were washed twice with 150 ml of ice-cold saline (0.85% NaC1) and then resuspended in calcium-free buffer (50 mM Tris-HC1, pH 7.5, 55 ml/L) and incubated, with agitation, for 30 min at 30°C. Following centrifugation (5000 g, for 20 min at 4"C), the supernatants from two repeated incubations were combined and stored at -2ooc. Endopeptidase activity was measured using a HPLC assay, modified from [3] , by monitoring the decrease in &I-CN(f1-23) peak area. The endopeptidase was purified on a DEAE-cellulose column (20 x 3 cm) equilibrated with 20 mM Tris-HC1 buffer pH 7.5 to which the cell wall extract was applied. Protein was eluted by a linear NaCl gradient, 0 to 1 M NaCl in Tris-HC1 buffer, pH 7.5. The active fraction which was eluted at about 350 mM NaC1, was desalted using Sephadex G-25, applied to an FPLC anion exchange Mono Q column (Pharmacia) and eluted using a linear NaCl gradient, 0 to 1M over 19 ml (flow rate 0.5 ml/min). Further purification was achieved by repeated FPLC steps using a shallower salt gradient. The purity of active peak was assessed by SDS-PAGE, which indicated that the preparation was still quite heterogeneous. purified endopeptidase (following FPLC) was compared to that of other lactococcal enzymes on asl-CN(fl-23) (Fig la) and the oxidized B-chain of bovine insulin (Fig lb) . Peptide fragments produced after incubating the substrates with the partially-purified enzyme were isolated by RP-HPLC on a C-18 column, followed by a C-8 column, and identified by mass spectrometry. From results of these specificity studies it appears the SKll endopeptidase resembles NOP and LEP-I11 I most closely. However, this enzyme produced fragment kl-CN(f1-7) which was not produced by either NOP or LEP-I11 I (Fig la) . In contrast to LEP-I11 I, the SKll endopeptidase did not cleave bond 19-20 of asl-CN(f1-23) (Fig la) . However, it did cleave bonds 23-24 of B-chain insulin (Fig lb) and 13-14 of asl-CN(fl-23) (Fig la) , which contrasts with NOP and LEP-I11 I, respectively. Both LEP-I11 I and NOP are thought to occur intracellularly, unlike the SKll endopeptidase which was released from the cell wall on incubation in calcium-free buffer. It is unlikely that the novel endopeptidase reported here arose from cytosolic contamination since the SKll cell extracts were devoid of lactate dehydrogenase activity.
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SKll endopeptidase was inhibited 70% by 1.10-phenanthroline (2 mM), 6% by EDTA (10 mM) and 75% by thiorphan (1 mM), but was not inhibited by PMSF (1mM) indicating that it belongs to the metallo-rather than the serine-proteinase family. Furthermore, the SKll endopeptidase exhibited a completely different substrate cleavage pattern to the cell envelopeassociated serine proteinases (Fig la,lb) . The inhibition by thiorphan indicates that it exhibits an enkephalinase like activity also. This SKll endopeptidase shows the same type of substrate size specificity as LEP enzymes since it does not hydrolyse intact asl-or %-caseins, as determined by SDS-PAGE (results not shown).
endopeptidase, which may play a significant role in cheese ripening, has been identified.
